The insulin receptor exists in two isoforms differing by the absence (HIR-A) or presence (HIR-B) of 12 amino acids in the COOH-terminus of the R-subunit as a consequence of alternative splicing of exon 11. In this study, we developed a radioimmunoassay for the two isoforms employing antibodies raised against two peptides, one (Pep-12) corresponding to residues encoded by exon 11, and the other (Pep-13) corresponding to a COOH-terminal domain of the R-subunit which is common to both HIR-A and HIR-B isoforms. These peptides were iodinated and used as both ligands and standards. The assay is specific, highly reproducible, and sensitive with a detection limit of 10 fmol of receptor. One mole of purified insulin receptor, measured by Scatchard analysis, is read as one mole of receptor in the radioimmunoassay with either Pep-12 or Pep-13 as standards. The radioimmunoassay is applicable to the measurement of total content and relative abundance of the two isoforms in extracts from various tissues. We applied the radioimmunoassay to measure the relative abundance of the two isoforms in fat and muscle from normal, obese non-diabetic and non-insulin-dependent diabetic (NIDDM) subjects. Results demonstrate that expression of the low-affinity HIR-B form is significantly increased in obese and NIDDM subjects compared with control subjects. In addition, the increased expression of the HIR-B isoform was significantly correlated with both body mass index (r = 0.52; p = 0.006) and fasting glucose levels (r= 0.59; p = 0.001). [Diabetologia (1995) 38: 445-453] Key words Insulin receptor isoforms, insulin receptor radioimmunoassay.
shown that the binding affinity for insulin of the HIR-A form is approximately two times higher than that of the HIR-B form [6, 8, 10, 12] . This difference in ligand binding is paralleled by a decreased sensitivity for both anabolic and metabolic actions of insulin [9] . Furthermore, the HIR-A form appears to have higher rates of both internalization and recycling [7, 8] . These findings have led to the suggestion that tissue-specific alterations in the relative expression of the two receptor isoforms may play a role in causing insulin resistance, a typical feature of obesity and non-insulin-dependent diabetes mellitus (NIDDM). However, studies on the relative expression of the two mRNA transcripts have led to divergent observations [13] [14] [15] [16] [17] [18] [19] . Thus, Mosthaf et al. [13, 14] have reported that expression of the two mRNA species is altered in skeletal muscle of both diabetic and non- In the present study, we report the development of a novel peptide-based insulin receptor RIA that is able to precisely quantitate total content of the two receptor protein isoforms and their relative abundance in small samples of human tissues. Using this RIA, we measured the relative abundance of the two isoform proteins in samples of adipose tissue and skeletal muscle from non-obese control subjects, obese non-diabetic, and NIDDM subjects in order to clarify the role of altered expression of the two receptor isoforms in insulin-resistant states.
diabetic insulin-resistant subjects compared to normal insulin-sensitive control subjects. Also, Norgren et al. [15] found a small, but significant, increase in the expression of the low-affinity HIR-B isoform in skeletal muscle of NIDDM patients. Three other groups were unable to demonstrate any significant difference in the relative abundance of the two mRNA species in skeletal muscle obtained from non-obese normal, obese non-diabetic and NIDDM subjects [16] [17] [18] . Discordant results have also been reported when the relative abundance of the two receptor protein isoforms was analysed by immunological assays. Thus, we [19] and others [20] have shown that expression of the two isoforms is altered in isolated adipocytes and in skeletal muscle membranes of NIDDM subjects, respectively. On the contrary, Benecke et al. [16] found no significant difference in the relative abundance of the two receptor protein isoforms in skeletal muscle of normal, obese and NIDDM individuals [16] . In these studies, the relative distribution of the two receptor protein isoforms was measured either by using an isoform-specific autoantiserum that differentially inhibits [~25I]-insulin binding to the two receptor protein isoforms [19, 20] or by using an immunoprecipitation assay based on the relative ability of an exon 11 + specific monoclonal antibody to immunoprecipitate receptors labelled with [125I]-insulin [16] . However, because [125I]-insulin was used as tracer in both immunoassays, accurate quantitation of the relative abundance of the two receptor proteins could be impaired by the difference in insulin binding affinity between HIR-A and HIR-B isoforms [6, 8, 10, 12] . Precise quantification of insulin receptor number in target cells by standard ligand-binding studies is difficult due to the curvilinear nature of Scatchard plots [21] . Radioimmunoassays (RIAs) for the human insulin receptor have been proposed as an alternative method to quantitate the insulin receptor [22] [23] [24] [25] [26] . However, these RIAs have used polyclonal or monoclonal antibodies to the insulin receptor that do not discriminate between the two isoforms thus limiting their applications for studying the tissue-specific expression of the two protein receptors.
Subjects and methods
Preparation of antipeptide antibodies. Antibodies were raised against two synthetic peptides, as previously described [27] . One peptide (Pep-12) corresponds to residues encoded by exon 11, and the other peptide (Pep-13) corresponding to residues 702-719 (numbered according to Ullrich et al. [1] ) was derived from a COOH-terminal sequence of the c~-subunit which is common to both HIR-A and HIR-B isoforms, Antisera (PAl2 and PA-13) containing the highest titre were used for the RIA of the insulin receptor. For iodination, a tyrosine residue was added to the NH2-terminal of Pep-12. These peptides were also used as standard in the RIA. Peptides were radioiodinated using the IODOGEN method (Pierce Chemical Co., Rockford, Ill, USA), and monoiodinated peptides were purified by reverse-phase HPLC. The specific activity of 125I-1a-belled peptides was 230-300 lxCi/~tg. Labelled peptides were stable for at least 8 weeks when stored at 4 ~ Sample preparation. NIH3T3 fibroblast cell line transfected with the HIR-B form and expressing 105 binding sites/cell, as determined by Scatchard analysis, was a generous gift from Dr. J. Whittaker (Stonybrook, N. Y., USA) [28] . NIH3T3 fibroblasts transfected with the HIR-A form and expressing 1.5 x 105 binding sites/cell, as estimated by Scatchard analysis, were prepared as previously described [19] . Cells were grown in Dulbecco's modified Eagle's medium supplemented with 10 % (volume/volume) fetal calf serum. Fresh human placentae were obtained from normal subjects after full-term vaginal deliveries. Tissue specimens of liver were obtained from nondiabetic subjects who underwent surgery for uncomplicated gallstone disease. Samples of subcutaneous adipose tissue were obtained from six non-obese normal control subjects, six obese non-diabetic subjects, and five N!DDM patients, whereas specimens of rectus abdominus skeletal muscle were obtained from a separate group of ten non-obese normal control subjects, ten obese non-diabetic, and ten NIDDM subjects during elective abdominal surgery. The subjects were admitted to the hospital for cholecystectomy or total hysterectomy. Clinical and biochemical data of the subjects are shown in Table 1 . The control and the obese subjects had normal fasting plasma glucose levels, normal blood pressure, and no family history of diabetes. All diabetic patients were diagnosed according to National Diabetes Data Group criteria [29] . Seven NIDDM patients were treated with diet alone, six with sulfonylurea, and two with insulin. No subject had taken any other medication known to alter insulin or glucose metabolism. Consent was obtained from all subjects after the nature of the procedure was explMned. Tissue samples were cleaned of all connective tissue and blood, immediately frozen in liquid nitrogen, and stored at -70 ~ until use. Isolated adipocytes were prepared by the collagenase digestion method as previously de- Purification of the insulin receptor. Membranes from normal human placentae were prepared by differential centrifugation as previously described [11] . Placental membranes or confluent NIH3T3 fibroblasts transfected with the HIR-B form were solubilized and insulin receptors were purified to homogeneity by using sequential monoclonal antibody agarose and wheat germ agglutinin-agarose affinity chromatography, as previously described [24] . Protein content of the purified insulin receptor was measured by amino acid composition analysis. Receptor number was determined by Scatchard analysis of insulin binding [21] .
Radioirnmunoassay. The assay is based on the ability of the two receptor isoforms to compete with radiolabelled sequencespecific peptides for the binding to the corresponding antibody. A secondary antibody was used for separating radiolabelled ligands into antibody-bound and free fractions. For the basic assay, to 9 x 70-ram glass tubes were added: 200 V1 of multiple dilutions of test samples, highly purified insulin receptors or unlabelled peptides (Pep-12 or Pep-13) in assay buffer containing 50 mmol/1 Hepes, 150 mmol/1 NaC1, 0.1% Triton X-100, 1 mmol/1 PMSF, 0.1% bovine serum albumin (BSA), pH 7.6, and 25 ~1 of anti-peptides antibodies PA-12 or PA-13 (final dilution 1 : 5000). Titres of antisera were adjusted to the concentrations at which 3040 % of the corresponding labelled peptides were bound. After a 16-h incubation at 4 ~ 25 V1 of 125I-peptides (10,000-15,000 cpm) were added, and samples were incubated for an additional 24 h at 4~ Goat anti-rabbit immunobeads (50 ~tl) (Bio-Rad, Richmond, Calif., USA) (final dilution 1 : 150) were then added. After 16 h at 4~ mixtures were centrifuged at 3000 x g for 30 min at 4~ supernatants were aspirated, pellets were washed once with assay buffer and bound radioactivity was counted. Experiments were performed in triplicate, and values for test samples were measured in the functional portion of standard curve (15-85 % displacement).
Western blotting. Extracts from whole tissues were subjected to sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) under reducing conditions, as previously described [31] . Proteins (50 ~tg/lane) resolved by SDS-PAGE were electrophoretically transferred to nitrocellulose filters. The non-specific binding sites of membranes were blocked by a 2-h incubation of Tris-buffered saline (TBS, pH 7.5) containing 5 % BSA. The filters were then incubated for 16 h at 4~ with affinity-purified PA-12 or PA-13. Thereafter, the filters were washed with TBS, and incubated for 2 h at room temperature with 125I-protein A. After extensive washings with TBS, the filters were dried and exposed to Kodak X-Omat film at -70~ Band densities were quantified by scanning densitometry.
Statistical analysis.
Unpaired Student's t-test was used to compare mean values, and linear regression was used for correlation analysis.
scribed [19] . Extracts from cells or whole tissues were prepared by solubilization in 50 mmol/1 Hepes buffer, pH 7.6, containing 150mmol/1 NaC1, 1% Triton X-100, 1 mg/ml bacitracin, 2 retool/1 (PMSF), 1000 units/ml aprotinin for 60 rain at 4~ The lysates were sonicated for i min and insoluble material was removed by centrifugation at 100,000 x g for 60 rain at 4~ Soluble fractions were diluted to 0.2 % Triton X-100 and (125I-Pep-12 or 125I-Pep-13) to the corresponding antibodies was completely inhibited at 10-10 mol/0.3 ml. For both peptides, a detectable inhibition of binding was seen at 10-14 tool/0.3 ml, whereas half-maximal displacement was observed at 2 x 10 -13 mol/0.3 ml (Fig. 1) . Both the assay with PA-12 and the assay with PA-13 were highly reproducible with respect to both intra-and inter-assay variations. The intra-assay coefficient of variation in the functional portion of the standard curve (85-15% displacement) was 4.5 % for Pep-12 and 3.8 % for Pep-13, respectively.
Results

Validation
Standard curves were performed with 10-15, 10-14, 10-13, 10-12, 10-i1, 10-10 mol/0.3 ml of unlabelled Pep-12 or Pep 13. In ten experiments the inter-assay coefficients of variation for these concentrations were 3.1, 4.5, 10.1, 12.2, 12.0 and 10.4 % for Pep-12 and 2.8, 5.9, 7.0, 12.1, 12.5 and 11.8 % for Pep-13, respectively. Next, we studied whether the HIR could compete with 12~I-Pep-12 or 125I-Pep-13 for the binding to the corresponding antibody in this assay system. The displacement curve produced by highly purified receptors from placenta which is known to contain both the HIR-A and the H1R-B form was parallel to the Pep-13 standard (Fig. 2a) . Similarly, highly purified receptors from transfected cells expressing the HIR-B form produced competition curves that were parallel to the Pep-12 standard (Fig.2b) . The concentrations of highly purified receptors from either placenta or transfected cells expressing the HIR-B isoform were determined by Scatchard analysis of insulin binding. A good correlation was observed between the moles of purified receptor calculated by Scatchard plots and the molar equivalents to peptides measured in peptide-based RIAs. A representative preparation of purified receptor from placenta had 2.9 nmol/l receptor, as measured by Scatchard analysis of insulin binding, and 2.2 nmol/1 receptor when determined with the Pep-13-based RIA. A preparation of purified receptor from cells transfected with the HIR-B isoform contained 2.3 nmol/1 receptor, as measured by Scatchard analysis, and 1.9 nmol/1 receptor as determined by the Pep-12-based RIA.
Specificity of peptide-based RIA. The specificity of both Pep-12-and Pep-13-based RIA was investigated by using NIH3T3 cells transfected with and expressing either the HIR-A form or the HIR-B form. Cell lysates from both sources competed with 12sI-Pep-13 for the corresponding antiserum, and competition-inhibition curves were parallel to the peptide standard (Fig.3 a) . In contrast, only cellular extract from NIH3T3 transfectants expressing the HIR-B isoform was able to Compete with 125I-Pep-12 for the corresponding antiserum and its competition-inhibition curve was parallel to the peptide standard (Fig.3b) . The antibody directed against the Pep-13 does not react with homologous peptides of the insu- Quantitation of relative abundance of the two receptor isoforms in human tissues. Using this dual peptidebased RIA we attempted to measure both the absolute content and the relative abundance of the two receptor isoforms in various human tissues. Tissue extracts were prepared from liver, placenta, adipose tissue, and skeletal muscle, and tested for their ability to compete with either 125I-Pep-12 or 125I-Pep-13 for the corresponding antibody in the RIA. Displacement curves produced by multiple dilutions of tissue extracts were parallel to standard curves produced by both Pep-12 and Pep-13 (data not shown). Total HIR and HIR-B form amounts in tissue extracts expressed as pmol receptor/mg protein are shown in Table 2. Placenta and liver have higher concentrations of HIR compared with adipose tissue and skeletal muscle. From these data, the ratio of the two receptor species was determined, and the relative abundance of the two isoforms was expressed as the percentage of HIR-B form measured by Pep-12-based RIA vs total insulin receptor content measured by Pep-13-based RIA. As shown in Table 2 , results obtained reveal that in placenta, skeletal muscle, and adipose tissue the two receptor protein isoforms are equally expressed, whereas in the liver the HIR-B isoform is predominant. To further validate the present RIA, the relative abundance of the two receptor protein isoforms was determined using a quantitative Western blotting analysis. A representative Western blotting analysis of tissue extracts is shown in Figure 4 in which both PA-12 and PA-13 detect a protein of -130,000 Da. The intensities of the bands were quantified by scanning densitometry and expressed as arbitrary units. The ratio of band intensities obtained with the two antibodies in four experiments was calculated, and the relative abundance of the two receptor isoforms was expressed as the percentage + SD of the HIR-B isoform vs the total HIR content. Liver contains predominantly the HIR-B form (87 + 4 %), whereas placenta, skeletal muscle, and adipose tissue contain both isoforms in nearly equal amounts (HIR-B/total HIR = 53 + 3, 54 + 6, and 55 + 5 %, respectively). These results were in close agreement with the pattern of tissue-specific protein isoform expression obtained with the present RIA.
lin-like growth factor I (IGF-I) receptor a-subunit (data not shown). The number of receptors measured by both peptide-based RIAs was unaltered by incubation of cell lysates in the presence or absence of 1 ~mol/1 insulin for 4 h at 4 ~ before addition of the corresponding antibody. Therefore, Pep-13-
Quantitation of relative abundance of the two receptor isoforms in adipose tissue and skeletal muscle from control, obese non-diabetic and NIDDM subjects.
We employed this dual peptide-based RIA to measure the relative abundance of the two receptor isoforms in samples of adipose tissue and skeletal muscle 4, 6 ) or PA-13 (lanes 1, 3, 5) followed by 12SI-protein A, and autoradiographed. The intensities of the bands were determined by scanning densitometry. With PA-12, the relative intensities expressed as arbitrary densitometric units were: 1.62 (M), 3.01 (F), and 5.80 (L). With PA-13, the relative intensities expressed as arbitrary densitometric units were: 3.11 (M), 5.08 (F), and 6.51 (L). Arrowhead shows the a-subunits of the two receptor isoforms from non-obese normal control subjects, obese nondiabetic, and N I D D M subjects. Preliminary experiments conducted using tissue extracts from either whole adipose tissue specimens or isolated adipocytes of three normal subjects revealed that the measurements of the relative abundance of the two receptor isoforms did not differ between the tissue preparations (the m e a n percentage of H I R -B vs total H I R was 52 + 6 and 49 + 5 %, respectively, for whole adipose tissue and isolated adipocytes). Therefore, subsequent experiments were performed using extracts prepared from whole tissue specimens. Samples were assayed simultaneously, and three separate assays were p e r f o r m e d in triplicate. The relative abundance of the two receptor protein isoforms was expressed as the percentage of H I R -B isoform content vs total receptor content. M e a n values for each subject are shown in Figure 5 Tissue extracts were prepared from each adipose (A) or muscle sample (B) and assayed simultaneously in triplicate. The relative abundance of the two receptor protein isoforms is expressed as the percentage of HIR-B form vs total receptor content which is derived from the ratio of the two receptor species determined by radioimmunoassy. Each point represents the mean value for a single subject measured in three assays. The mean + SD for each group of subjects is shown beside the individual distribution and five N I D D M subjects (69 + 11%, p = 0.03) compared with six non-obese normal subjects (51 + 7 %) (Fig. 5 a) . In skeletal muscle the m e a n percentage of H I R -B isoform was significantly higher in ten obese non-diabetic (63 + 11%, p = 0.02) and 10 N I D D M subjects (66 + 13 %, p = 0.02) compared with 10 nonobese normal control subjects (50 + 10 %) (Fig.5b) . Fasting glucose levels (mmol/1) Fig.6.(A, B) Relative abundance of the HIR-B isoform in skeletal muscle in relation to BMI (A) and fasting glucose levels (17) . A: relative abundance of the two receptor isoforms expressed as the percentage of HIR-B form vs BMI (kg/m2). B: relative abundance of the two receptor isoforms expressed as the percentage of HIR-B form vs fasting glucose levels (retool/i). Normal control subjects (e), obese non-diabetic ( 9 ), and NIDDM subjects (O) Among these 30 study participants, an increased expression of the HIR-B isoform was significantly correlated with body mass index (BMI) (Fig.6a ; r = 0.52; p --0.006) as well as with fasting glucose levels (Fig. 6 b ; r = 0.59; p = 0.001). A small, but not significant, correlation was found between insulin receptor isoform expression and fasting insulin levels (r = 0.34; p = 0.07; n = 18).
Di scussi on
In the present study, we have developed and applied a novel dual peptide-based RIA specific for the two isoforms of the human insulin receptor. Two antisera were used in the RIA, one (PA-12) directed against the amino acid sequence encoded by exon 11, and 451 the other (PA-13) directed against a carboxy-terminal sequence of the a-sub 9 which is common to HIR-A and -B variants. Employing these two antisera and the corresponding labelled peptides, we were able to precisely quantitate total content and relative abundance of the two isoforms of the insulin receptor in small samples of human tissues. Both Pep-12-and Pep-13-based RIAs are specific, highly reproducible, and sensitive with a detection limit of 10 fmol of receptor. This sensitivity allows the quantification of the two isoforms of the insulin receptor in tissue samples as small as 50-100 ~tg of liver, placenta, fat or muscle. Using preparations of highly purified receptor, we found a good correlation between the moles of receptor determined by Scatchard analysis of insulin binding and the molar equivalents to Pep-12 or Pep-13 measured in the RIA, thus indicating that insulin receptor and peptide ligand are seen as equimolar in the RIA. This peptide-based RIA, like other previously reported RIAs [22] [23] [24] [25] [26] , offers several advantages over standard ligand-binding assays. Precise quantitation of the two receptor isoforms does not require Scatchard analysis which may be difficult to perform due to the curvilinear nature of the binding plot [21] . Small tissue specimens are needed for the assay, and tissues can be stored until analysis. The assay can be used for simultaneous measurements of the two receptor protein isoforms in multiple samples without further purification of the extracted receptors. The use of stable peptides as radioactive ligands eliminates the need for highly purified preparations of the insulin receptor for use as standard. In addition, the present RIA measures the number of the two receptor isoforms present in tissue samples independently of their binding properties. Several lines of evidence argue against the possibility that the IGF-I receptor interferes with this dual peptide-based RIA. Firstly, the IGF-I receptor lacks the homologous sequence encoded by exon 11 of the insulin receptor gene [32] . Secondly, the antibody directed against the Pep-13 does not react with peptides corresponding to the homologous sequence of the carboxy-terminal region of the IGF-I receptor a-subunit. Additionally, both PA-12 and PA-13 antibodies react exclusively with the corresponding insulin receptor isoforms of hybrid insulin/IGF-I receptors as estimated by their relative capability to immunoprecipitate only a fraction of total precipitable placental receptors labelled with [125I]-IGF-I (unpublished data).
We have applied this assay to precisely quantitate the relative abundance of the two human insulin receptor protein isoforms in various human tissues. Results obtained show that placenta, skeletal muscle and adipose tissue contain both HIR-A and HIR-B isoform in nearly equal amounts whereas liver contains predominantly the HIR-B isoform. This pattern of tissue-specific expression of the two receptor protein isoforms correlates well with the previously reported pattern of expression of the two mRNA species [4] [5] [6] 32] . Furthermore, our data are generally in agreement with those of previous studies in which the relative abundance of the two receptor proteins was measured by other immunological assays [11, 16, 19, 20, 33] . However, in all tissues tested, we found a slightly higher mean percentage of the HIR-B receptor protein than those observed in previous studies [11, 16, 19, 20, 33] . This disparity may be due to methodological differences between the present RIA which quantitates the two receptor species independently of their binding properties and previous immunoassays in which 125I-insulin was used as ligand. Since the two receptor isoforms have different affinities for insulin (HIR-A > HIR-B), it is possible that previous studies have underestimated the actual abundance of the low-affinity HIR-B isoform. We found that in liver the HIR-B form is predominant, but the absolute number of insulin receptors is higher than in other insulin target tissues such as muscle and fat. It is tempting to speculate that the predominance of the low-affinity HIR-B isoform in liver might contribute to compensate for the higher portal insulin concentrations to which the liver is exposed in vivo, whereas the high number of insulin receptors would allow the liver to respond with relatively high sensitivity to physiological changes in pancreatic hormone secretion in terms of insulin hepatic bioeffects.
It has been speculated that alteration in the relative expression of the two insulin receptor isoforms may contribute to in vivo insulin resistance; data collected on this are at present controversial [13] [14] [15] [16] [17] [18] [19] [20] . It has been reported by some [13] [14] [15] , but not all authors [16] [17] [18] , that both diabetic and non-diabetic insulin resistant subjects are characterized by an increased expression of the HIR-B mRNA in skeletal muscle compared with normal insulin sensitive individuals. However, a few studies have addressed the question of whether the relative abundance of the two receptor isoforms is altered in major target tissues of insulin action from obese and NIDDM subjects when assessed at the protein level [16, 19, 20] . In an attempt to resolve some of these controversies, we have applied the present RIA to measure the relative abundance of the two receptor protein isoforms in adipose tissue and skeletal muscle from non-obese normal control subjects, obese non-diabetic and NIDDM subjects. Results obtained in both tissues demonstrate that expression of the low-affinity HIR-B form is significantly increased in obese and NIDDM subjects compared with normal control subjects. These findings are in agreement with those of two previous studies of isolated adipocytes [19] and skeletal muscle membranes [20] obtained from a separate group of NIDDM and control subjects in which the relative abundance of the two receptor proteins on the plasma surface was determined by a different immunological assay. In contrast, Benecke et al. [16] us-G. Sesti et al.: Insulin receptor radioimmunoassay ing an immunoprecipitation assay failed to show significant difference in the relative proportion of the two receptor protein isoforms in the skeletal muscle of normal control subjects, obese non-diabetic, and obese NIDDM subjects, although a slightly higher mean percentage of the HIR-B receptor protein was observed in obese and NIDDM subjects compared with normal control subjects. The lack of statistical significance in the relative abundance of the two receptor isoforms observed by Benecke et al. [16] might be due to the smaller number of subjects examined compared to that analysed in the present study. Nevertheless, it has not been ruled out that this discrepancy may be explained by methodological differences in the immunoassays used, contaminations of muscle specimens by connective tissue and blood, differences in clinical characteristics between the subjects examined, interestingly, we found a significant correlation between high glucose levels and increased expression of the low-affinity HIR-B isoform in skeletal muscle. A tendency toward a correlation between high fasting insulin levels and increased expression of the HIR-B form was also observed. These findings are consistent with previous studies showing that hormonal and metabolic factors regulate both in vivo [34] and in vitro [35] [36] [37] the alternative splicing of the insulin receptor mRNA. Together, these observations raise the possibility that regulatory factors such as insulin or glucose levels might affect the expression of the two insulin receptor isoforms in different stages of NIDDM. Although, the in vivo consequences of altered expression of the two insulin receptor isoforms are at present unclear, the present RIA may provide a new tool to monitor the metabolic control of insulin-resistant subjects.
In conclusion, this study demonstrates the feasibility of using the present dual peptide-based radioimmunoassay to precisely quantitate the two insulin receptor isoforms in human tissues and its applicability for studying changes in the relative abundance of the two receptor species in different metabolic states.
